Introduction

4
Since the adoption of genetically modified (GM) crops in 1996 there has been an on-going 5 debate about the impacts of GM crops. A vast scientific research on the agronomic, economic 6 and environmental effects of GM crops has been conducted since their adoption. Most of this 7 research is carried out at farm-level in specific countries for different crops. Recently, a 8 number of reviews of both the agronomic and economic impacts of GM crops worldwide has HT beet and HT oilseed rape whereas more plant density was found in HT maize than in their 64 conventional counterparts (Heard et al., 2003a on non-target key species richness ((see Table A1 in the Appendix) and b) indicators related 74 to the pesticide 2 use (see Table A2 in the Appendix).
75
In addition to these indicators, some studies used some indicators to assess the risk of 7 All environmental indicators related with the pesticide use are of type "less is better". The use of these pesticides allows us to compare the use of the same pesticide among GM and conventional crops. We acknowledge that the use of some pesticides is more harmful (or toxic) for the environment than others (e.g. one kg of arsenic is more toxic than one kg of salt). This issue is of great importance in the case of HT crops, since this type of crop sometimes implies an increase in the amount of broad spectrum herbicides (pesticides) when compared with conventional counterparts, but with lower toxicity than specific herbicides against weeds used in conventional crops. This analysis does not take into account the toxicity of the pesticide in the environment, but assumes that it is better to use less pesticide than more.
A number of studies based on sample surveys compared the environmental impact of GM 147 crops and conventional crops at farm level in different countries (see Tables A-1 and A-2).
148
Data on environmental impacts were collated from peer-review studies and grouped into 8 149 different indicators (4 related to non-target key species richness and 4 related to pesticide use)
150
to conduct the analysis (see Figure 1) studies with large (small) samples). 9 A detailed explanation of the process can be found below under Section 2.4. 10 For a detailed and comparative analysis of parametric and non-parametric statistical methods see Sheskin (2004) . 11 We tested for normality using the Jarque-Bera test. The sample skewness statistics is calculated by using: 
232
The likelihood function is defined by the assumption of normally distributed errors: 
The Student´s t distributed errors 261
This approach is the same as for the normally distributed errors case, with the exception that 
Results
322
Results are organised as follows: first, the impacts of GM and conventional crops are 13 Taking into account that we consider all possible combinations of weighting at one decimal level (from 0.0 to 1.0) and that the sum of all that combinations must be 1.0, there are 11 possible weighting combinations when using two indicators. 16 The indicators on pesticide use are of type "less is better", but later is transformed in "more is better" indicator. So, 0 is the worst value (maximum number of pesticides) and 1 is the best value (minimum number of pesticides). 404 Table 4 . Overall environmental composite indicators for GM and conventional crops for each combination of weights* 405 406 * The test of equality of means (non-parametric Kruskal-Wallis test) shows that the average of the composite indicator of GM are statistically different from the mean value of the composite indicator for conventional crops at 95%, for any weighting combination (C1-C11) and aggregation method. 17 C1 implies that a weight of 1 is given to the composite indicator of pesticide use and a weight of 0 to the composite indicator of non-target key species richness, whereas C11 considers that a weight of 0 is given to the composite indicator of pesticide use and a weight of 1 to the composite indicator of non-target key species richness. Indicators from C1 to C11 consider a decrease of 0.1 of the weight given to the composite indicator given to pesticide use and an increase of 0.1 of the weight given to the composite indicator of non-target key species richness. Table 4 shows the probability of GM crops performing environmentally better than 407 conventional crops for each combination of weights given to the composite indicators of non-408 target key species richness and pesticide use. In addition, results show that the probability 409 that GM crops outperform conventional crops from an environmental perspective is always 410 greater than 63%, regardless of the weights given to each indicator (i.e. non-target key 411 species richness and pesticide use) and the normalisation (i.e. min-max or distance) and 412 aggregation (i.e. additive or multiplicative) methods. We can see that the probability 413 diminishes as the weight given to the non-target key species richness is increasing (and 414 consequently the weight given to pesticide use is decreasing). This is a consequence that on 415 average GM crops outperforms their conventional counterparts on pesticide use to a great 416 extent, whereas this is not so evident for non-target key species richness. Table 5 shows the average probability that GM crops perform environmentally better than 419 conventional crops. In accordance with the results of Weight to non-target species =0.9 Weight to pesticide use =0.2
Individual Environmental Impact Indicators
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